RhBMP-2-loaded calcium silicate/calcium phosphate cement scaffold with hierarchically porous structure for enhanced bone tissue regeneration.
Calcium phosphate cement scaffold (CPC) has been widely used as bone graft substitutes, but undesirable osteoinductivity and slow degradability greatly hamper their clinic application. To address these problems, a recombinant human bone morphogenetic protein-2 (rhBMP-2)-loaded calcium silicate/calcium phosphate cement scaffold (CSPC) with hierarchical pores was developed in this study. The CSPC scaffold with both interconnected macropores on the order of 200-500 μm and micropores of 2-5 μm was synthesized from CPC and calcium silicate (CS) by a NaCl particulate-leaching method. In vitro cell culture with C2C12 model cells, in vivo ectopic bone formation and rabbit femur cavity defect repair were performed to evaluate the osteogeneic capacity of the CSPC/rhBMP-2 scaffold. CPC, CSPC and CPC/rhBMP-2 scaffolds were parallelly investigated for comparison. The results demonstrated that the hierarchical macro/microporous structure, whether in presence of CS or rhBMP-2, highly favored the adhesion of C2C12 cells and bone in-growth into the CPC-based scaffolds. But, in comparison to the CPC-based scaffolds with CS or rhBMP-2 alone, the CSPC/rhBMP-2 scaffold strongly promoted osteogenic differentiation in vitro and osteogenetic efficacy in vivo. Further studies demonstrated that Si ions derived from CSPC contributed mainly to maintain the conformation of rhBMP-2 and thus stimulate the synergistic action of CS and rhBMP-2 in osteogenic differentiation and osteoinductivity. Additionally, the incorporation of CS was also beneficial for the dissolution of the scaffold. Those results suggest that the CSPC has superior properties for incorporation of rhBMP-2 and our developed CSPC/rhBMP-2 scaffold have great potential for future use in bone tissue regeneration.